Objective: To assess the potential relationship of ultraviolet B radiation (UVB) and Epstein-Barr virus (EBV) exposure in explaining the period prevalence of multiple sclerosis (MS) in England.
not enough to fully account for the variance of MS. Recent studies have documented the inverse relationship between MS prevalence and UV exposure. 13 In the present study, we assess how the prevalence of MS and IM relates to UVB exposure.
METHODS Standard protocol approvals, registrations, and patient consents. The English NHS Central Office for Research Ethics approved this study.
MS and IM prevalence data. As published, we analyzed data on hospital admissions for MS from linked hospital admission statistics, assembled from the English national Hospital Episode Statistics (HES) system. 8 This covered all admissions to National Health Service (NHS) hospitals in England in the 7 years from April 1, 1998 , to March 31, 2005 (population: 51 million). We identified cases of MS as code G35 in the 10th revision of the International Classification of Diseases (ICD). The English national linked HES database includes information about all people who are admitted to hospital (including day care as well as overnight stays). Using data linkage, we identified each person only once for MS, regardless of how many admissions each person had, and recorded their residence out of 28 English Strategic Health Authorities (SHAs) at first known admission for MS. Admission rates were calculated using numbers of admissions for residents of each area as the numerators and the total resident populations of the area as the denominators. To adjust for differ-ences in the age structure of different areas, age standardization was undertaken using the indirect method and the age-specific rates in 5-year age groups in the English population as the standard. We undertook the same calculations for hospital admissions for people with IM, varicella infection, and cytomegalovirus infections using the ICD codes B27, B01, and B25 to identify them.
UV.
We used the US National Aeronautics and Space Administration's (NASA's) data for the single wavelength of 305 nm at noon (J.R. Herman, 2003, NASA Goddard Centre, Greenbelt, MD). This single wavelength data slightly overestimates the amount of UVB at its prime physiologically active wavelengths which are 290 -295 nm. The data also tend to overestimate ground availability of UVB by approximately 15% in areas where there is dense optical pollution from particulates and aerosols formed from oxides of sulfur and nitrogen. The data model has allowances for natural clouds but the sensor will read the reflection from the top of polluted cloud formations, thereby overestimating ground values. 14 The magnitude of this error is not expected to be large for the United Kingdom because it is on the oceanic side of the prevailing wind and so does not carry much pollution. The error will be greater in urban areas. The NASA data for the single wavelength of 305 nm at noon collected on the Nimbus 7 satellite from 1978 -1992 was sampled for 5 days centered on the 22nd of each month and averaged over the whole period. This data reduction was necessary due to the enormous size of the dataset comprising more than 60,000 readings a day for 14 years. This solar month sampling also has the advantage of catching the full range of the annual variation because it captures the solstices and overcomes the problem of differing numbers of days per calendar month. The data were further averaged into seasons and integrated for the area of each of the 28 SHAs using ArcGIS (ESRI, 2009, Redlands, CA, 9.3.1 ArcInfo). See figure 1 for a map of spring season UVB 305 nm for the SHAs of England.
Analysis. The data were subjected to exploratory data analysis, consisting of inspecting the correlation matrix and evaluation using principal component analysis. The final analysis was a least-squares regression analysis. To test for geographic dependencies the data were tested by looking at quantile-quantile plots of the residuals, and performing geographically weighted regression. The data were considered suitable for ordinary least squares regression, ArcGIS, and Geospatial Analyst (ESRI 2009) and S-Plus (Insightful Corp., S-PLUS 6.2 [2003], Insightful Corp., Seattle, WA).
RESULTS Correlations between seasonal UVB and
MS and IM. The correlations between seasonal UVB intensity with latitude and both MS and IM prevalence are shown in table 1. As shown previously, MS was highly correlated with IM (0.69). As a control, we also examined the correlations of MS with cytomegalovirus prevalence (0.05), and MS with varicella prevalence (0.21), which were both nonsignificant. Annual average UVB was not correlated with IM (0.02) nor with cytomegalovirus (0.19), and was only moderately correlated with varicella (Ϫ0.41), whereas the annual average UVB is more weakly correlated with MS (Ϫ0.29). The correlation between MS and latitude was stronger than the correlation between IM and latitude (0.46 and 0.16, respec- 3) . The regression of MS against UVB for all seasons had an r 2 of 0.61 (p ϭ 0.0001). When including the interaction of IM with seasonal UVB the r 2 rose to 0.72 (p ϭ 0.001). The regression line for the relationship of UVB to MS for all seasons is a very good fit to the data (figure 2A) and the residuals show little nonrandom structure ( figure 2B ). Most of the variance has therefore been explained by this model. DISCUSSION We show that the distribution of MS across England is explained both by UVB exposure and the prevalence of IM. In England, there is a definite latitudinal cline in MS occurrence but a weaker cline in IM, and as expected, IM prevalence could not entirely explain the variance of MS. Incorporating a linear model for MS with an interaction term for IM and UVB could explain 72% of the variance of MS prevalence across England. Interestingly, it is spring UVB that is most strongly associated. Lower levels of UVB in the spring season would coincide with late gestation for offspring born in late spring/ early summer. This corresponds with the time for peak risk of MS by month of birth. 7 There are several possible mechanisms through which UVB radiation could be mediating the effect on MS risk. The most attractive explanation is UVBinduced synthesis of cutaneous vitamin D, which is the principal source of this important sterol hormone. 15, 16 It has been suggested that low vitamin D levels may lead to an increase in EBV infection. The pleiotropic roles of vitamin D on the immune system 17 may lead to an abnormal or variant response to EBV infection as manifested by IM when an individual is vitamin D deficient. 18 There are limitations to our study. Limitations of record linkage studies using routinely collected administrative data are well-known, and include the facts that the data are limited to hospitalized patients and that information about some variables of potential interest, such as social circumstances and ethnic-ity, are generally unavailable. The pattern of MS or of UVB and MS is confounded in the large metropolitan areas of Merseyside and Manchester through to Leeds, together with Birmingham and London. Geographically weighted regression showed these regions to be 2 standard deviations below the main trend. These conurbations have larger populations of people with lower genetic susceptibility to MS.
The size of the correlations can be misleading although they are strong for UVB. In any case where there are putative gene-environment interactions, and where both elements are required, there will inevitably be the presence of one or other in the absence of the outcome being studied.
It is unclear as to how generalizable our data are to genetically dissimilar regions or to different insolation climates across the world. There are well-known exceptions to the latitude gradient, for example, Sardinia. 3 The relationships shown represent associations and causative inferences must be tentative. In the case of IM in particular, the age dependency of the IM phenotype intersects with early life hygiene, social class, and other variables that may account for secondary associations, leaving the primary association speculative. However, when our data are taken in combination with others, 13, 19, 20 it gives confidence that there is a pressing need to investigate the role of vitamin D and IM and their interaction in the pathogenesis of MS. At present there are no effective vaccines or treatments targeting EBV, but their development could complement vitamin D supplementation as potential interventions that might result in a reduction in the prevalence of this often devastating disease. 21 
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